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Executive Summary

Each year the DOE Energy Information Administration (EIA) produces forecasts of U.S. energy activities for the
next twenty to twenty-five years. The forecasts are generated with the EIA's National Energy Modeling System
(NEMS) and are published in the EIA's Annual Energy Outlook (AEO) report. The AEO report is based on a
business-as-usual forecast, called the Reference case, of what is most likely to happen given existing legislation
and known trends for economic, technological, and demographic growth. After producing the Reference case
forecast, the EIA reruns the Reference case with selected changes in the assumptions. These reruns, called
"alternate" cases, selectively vary assumptions for economic growth, fuel supplies, and rates of improvements in
energy technologies.

Many of the alternate cases are designed to forecast the benefits of certain DOE R&D programs. For example,
the "High Renewables" alternate case assumes the goals of DOE R&D programs are met for renewable energy
technologies. The "Electricity: Advanced Nuclear Cost" case assumes the goals of DOE R&D programs are met
for nuclear electricity generating technologies.

Another of the side cases, called the “High Fossil Electricity Technology" (HFET) case, assumes the goals of
fossil energy R&D programs are met for the following fossil-fuel electricity generating technologies: advanced
single-cycle combustion turbines, advanced natural-gas combined cycle (NGCC), and integrated coal gasification
combined cycle (IGCC). Programs for these technologies are administered by the DOE Office of Fossil Energy
(DOE-FE) and its National Energy Technology Laboratory (NETL).

This report provides a detailed discussion of the EIA HFET case. Extensive tables of forecast data are included in
the Appendices. These tables are similar to those found in the EIA's AEO reports and can be used for further
detailed analyses of the impacts and benefits of DOE-FE programs.

The EIA HFET case predicts that if the goals of DOE R&D programs are met for advanced fossil-fuel electricity
generating technologies, these technologies will capture the majority (62%, 230 GW) of the market for new
electricity generating plants over the next twenty years. Because these technologies generate electricity at lower
costs, they will produce cumulative benefits exceeding $100 billion (year 2000 dollars) in electricity cost savings
for U.S. consumers by the year 2020.

Under the HFET case, by the year 2020 use of natural gas for electricity generation is 22% lower and natural gas
prices are 9% lower than in the AEO Reference case. Use of coal for electricity generation increases 4% by 2020
under the HFET case. Despite the reduced use of natural gas and increased use of coal for electricity generation
under the HFET case, emissions of SO,, NOx, CO,, and Hg do not increase (as compared to the Reference case)
because of the higher generating efficiency and better pollution controls of advanced fossil-fuel electricity
technologies.
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Introduction

The Federal government is moving towards the use
of uniform, quantitative, objective methods to
measure how well Federal organizations are meeting
their goals and how much these goals will benefit the
U.S. in the future.

The mission of the DOE Office of Fossil Energy
(DOE/FE) and its National Energy Technology
Laboratory (NETL) is to develop technologies that
assure U.S. fossil energy resources can meet
increasing demand for affordable energy without
compromising the quality of life for future
generations of Americans. This mission includes
research and development (R&D) programs for
advanced fossil-fuel based electricity generating
technologies that will produce electricity at lower
costs while reducing emissions.

To forecast the impacts and benefits of DOE/FE
programs a model is needed to predict how DOE/FE
technologies will affect U.S. energy activities in the
future.  Parameters of interest include market
penetration, fossil-fuel use, cost of electricity, and
emissions. To provide a common basis for
comparison and to avoid conflicting claims between
programs, it is advisable that the DOE use the same
model to evaluate all of its programs.

Predicting future energy activities requires a
comprehensive model of the U.S. energy markets,
environmental regulations, and the U.S. macro-
economy. To be of use to the DOE/FE, the model
must describe the fossil-fuel production and
conversion sectors and must include detailed
descriptions of advanced electricity generating
technologies. The model must simulate electricity
markets (both regulated and deregulated) and
compliance with emissions regulations.

The most comprehensive model of U.S. energy
activities is the National Energy Modeling System
(NEMS) developed by the DOE Energy Information
Administration (EIA) [1-2]. NEMS has been is use
by the EIA since 1993, and is built upon knowledge
and experience with energy modeling dating back to
1973.

The U.S. Congress has established and funded the
EIA as the sole, independent organization of the
federal government with authority for energy
information collection, analysis, and forecasting [3-
5].

The EIA is bound by law to be neutral on policy
issues and does not receive funding from DOE R&D
program [3-5]. This makes the EIA a neutral,
objective, and credible third party with the expertise
and tools to forecast the benefits of all DOE R&D
programs.

Since 1977, the U.S. Congress has mandated the EIA
to publish annual forecasts of energy trends in the
United States [3-5]. The EIA uses NEMS to produce
these forecasts. The forecasts are published each
year in the EIA’s Annual Energy Outlook (AEO)
reports [6-7].

The AEO report is based on a business-as-usual
forecast called the Reference case. The Reference
case is a prediction of what is most likely to happen
given known technological, economic, and
demographic trends. The Reference case assumes
that current Federal, State, and local laws and
regulations remain in place. Pending legislation and
existing legislation requiring funds that have not been
appropriated are not included in the AEO Reference
case.

The Reference case assumes that improvements in
the cost and performance of energy supply,
conversion, and consumption technologies follow
gradual, historic, market-based trends over the next
twenty to twenty-five years. The cost and
performance of most energy technologies in the AEO
Reference case do not meet the goals of DOE
programes, including electricity generating
technologies under development by the DOE/FE.

After producing the Reference case forecast, the EIA
reruns the Reference case with selected changes in
the assumptions. These reruns, called "alternate
cases" or “side cases,” selectively vary assumptions
for economic growth, fuel supplies, and rates of
improvements in energy technologies. The EIA
produces a total of twenty-nine alternate cases (see
Appendix B for a list of the alternate cases).

Many of the alternate cases are already designed to
forecast the benefits of DOE R&D programs. For
example, the "High Renewables" alternate case
assumes the goals of DOE R&D programs are met
for renewable energy technologies. The "Electricity:
Advanced Nuclear Cost" case assumes the goals of
DOE R&D programs are met for nuclear electricity
generating technologies.

4 DOE National Energy Technology Laboratory
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Another of the alternate cases, called the "Electricity:
High Fossil Technology" case, (hereafter referred to
as the "High Fossil Electricity Technology" or HFET
case) reruns the AEO Reference case assuming the
goals of DOE/FE R&D programs are met for
advanced fossil-fuel electricity generating
technologies. The HFET case is the subject of this
report.

The HFET case includes only the goals of DOE/FE
programs for advanced fossil-fuel electricity
generating technologies. The cost and performance
of all other technologies are the same as in the
Reference case. The HFET case does not include the
goals of DOE programs that will produce other
advanced electricity generating technologies such as
nuclear, renewables, or hydro. Thus, the HFET case
provides a specific, targeted forecast of the benefits
of DOE/FE programs only.

The HFET case uses DOE/FE R&D program goals
for the cost and performance of the following
technologies:

e advanced single-cycle combustion turbines

e advanced natural-gas combined cycle
(NGCC)

e integrated coal gasification combined cycle
(IGCC)

Cost and performance specifications used in the
HFET case for these technologies are provided to the
EIA by the DOE Office of Fossil Energy.

Table 1 shows the capital cost' and efficiency’ of
advanced fossil-fuel electricity generating
technologies in the AEO 2002 Reference case and the
HFET case. In the AEO 2002 Reference case, the
efficiency of advanced fossil-fuel electricity
generating technologies reaches a maximum in the
year 2010 and does not increase thereafter.

In the HFET case, the efficiencies of all technologies
are improved significantly to meet the goals of
DOE/FE programs. Only the capital cost of IGCC
was improved for the HFET case.

The EIA publishes a brief description of each of its
twenty-nine alternate AEO cases. The EIA publishes
only a few paragraphs and one page of results for the
HFET case [8]. This report provides a detailed
description of the HFET case. Important results are
discussed and extensive output data is included in
Appendix A.

Appendix A of this report is a reproduction of
Appendix A of the EIA’s AEO report, but data for
the HFET case is shown side-by-side with output
data for the AEO Reference case. HFET data that
differs from the Reference data by more than 1% is
emphasized for easy identification.

The AEO Reference and HFET cases of NEMS were
obtained and rerun by the NETL Office of Systems
and Policy Support for this study. As explained and
where indicated, the HFET case was also rerun with
changes in certain assumptions for technologies
under development by the DOE/FE.

Table 1. Capital costs and efficiencies of advanced fossil-fuel electricity generating technologies in the AEO

Reference and High Fossil Electricity cases'?.

Reference

IGCC Advanced Single-Cycle Turbines Advanced NGCC
Capital Cost . o Capital Cost . o Capital Cost . o
($/KW) Efficiency (%) ($/KW) Efficiency (%) (S/KW) Efficiency (%)

Today 2010 2020 Today 2010 2020

Today 2010 2020 Today 2010 2020

Today 2010 2020 Today 2010 2020

$1377 $1331 $1225 43.9% 49.0% 49.0%

$450 $410 $410 38.3% 46.9% 46.9%

$620 $590 $560 50.1% 59.1% 59.1%

HFET |$1377 $1034 $983 43.9% 50.7% 60.0%

$450 $410 $410 38.3% 55.2% 55.2%

$620 $590 $560 50.1% 66.2% 75.7%

" All costs in this report are in terms of year 2000 dollars.

2 In this report, to follow industry convention, efficiencies quoted
for coal systems are based on the higher heating value (HHV)
and efficiencies quoted for natural-gas turbine systems are based
on the lower heating value (LHV), unless stated otherwise.

DOE National Energy Technology Laboratory 5
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The Electricity Market Module of NEMS

The National Energy Modeling System (NEMS) is a
large computer modeling system consisting of more
than 300,000 lines of Fortran code divided into
several hundred files and subroutines. The EIA has
invested hundreds of person-years in the
development of NEMS since 1990 [1-2].

NEMS is made up of twelve separate “modules”
(Figure 1) that can be developed and run
independently. Each module simulates a different
energy supply, conversion, or demand sector. NEMS
simulates energy markets (regulated or deregulated)
by explicitly representing the economic decision
making processes involved in the production,
conversion, and consumption of energy products.
National macroeconomic activity and the interaction
between energy markets and the national economy
are predicted within the Macroeconomic Activity
Module of NEMS using proprietary DRI-WEFA
macroeconomic models [9].

The Electricity Market Module (EMM) of NEMS is
of particular interest to the DOE-FE because it
predicts the fuels and types of electricity generators
that will be used to meet the U.S.’s increasing

Figure 1. NEMS modules and data flow between modules.

electricity demand over the next twenty to twenty-
five years. The EMM divides the U.S. into thirteen
regions based on North America Electricity
Reliability Council (NERC) regions and sub-regions
(Figure 2). The EMM models each region separately
as an independent entity generating and consuming
electricity. Energy (fuels and electricity) can be
transferred (bought and sold) between regions and
from Canada and Mexico.

The United States has more than 1000 individual
electricity ~generating plants. Because many
electricity generating plants have the same or similar
cost and performance specifications, NEMS does not
identify each individual plant and location. Rather,
electricity plants are grouped into categories by
technology characteristics. This significantly reduces
computation time and complexity without sacrificing
accuracy in prediction of regional and national
parameters.

Each region is assumed to have a capacity of each
type of electricity generator. The capacities for each
region are derived from data received in mandatory
surveys of electricity generators by the EIA and

ENERGY CONVERSION
Electricity Petroleum
Market Market
ENERGY SUPPLY Module Module ENERGY DEMAND
. Dispatching,

Oil and Gas N;:"; Retired Residential
Supply B Electriohy Prices Demand
Module - i Module

Emissions Oil Supply & Demand
Constraints Petroleum
Products
Natur_al G_as Commercial
_Tra_nsn:ussmn & « Demand
Distribution Module Regi:in:IriE::rg;;zrdnand Integrating DeliE\;a‘::::il;e;i:ri‘::f:es Module
- » Module
Coal Market suppy Exponsion. Eneray Demand Transportation
Demond
Module
Module
Aggregate Mix of Imported Crude
Energy National for U.S. Consumption
Prices Energg Demand 'l:nr‘lrgglgl“
Renewables sl Senomiz Supply Industrial
Fuel Demand
Module . Module
Macroeconomic International
Activity Energy
Module Module

8 DOE National Energy Technology Laboratory



The Electricity Market Module of NEMS

Figure 2. Regions modeled by the Electricity Market Module.

1 East Central Area Reliability Coordination Agreement (ECAR)
2 Electric Reliability Council of Texas (ERCOT)

3 Mid-Atlantic Area Council (MAAC)

4 Mid-America Interconnected Network (MAIN)

5 Mid-Continent Area Power Pool (MAAP)

6 Northeast Power Coordinating Council/New York (NY)

7 Northeast Power Coordinating Council/New England (NE)

discussions with industry and government sources
[10-11]. Table 2 shows the types of electricity
generators in NEMS. For each region, each type of
electricity generator competes to meet the region’s
electricity demand.

When NEMS is run, the EMM receives predicted
values of the following for each region:

o clectricity demand from the NEMS demand
modules (represented by load curves which vary
by region, season, and time of day)

o fuel prices from the NEMS fuel supply modules

® macroeconomic parameters from the NEMS
macroeconomic module.

The EMM then predicts the actions taken by electric
utilities and non-utilities to meet present and future
electricity demand in the most economical manner
while complying with emissions regulations. The
EMM returns predictions of electricity prices to the
demand modules, fuel consumption to the fuel supply
modules, emissions to the integrating module, and
capital requirements to the macroeconomic module.

8 Florida Reliability Coordinating Council (FL)

9 Southeastern Electric Reliability Council, excluding Florida (STV)
10 Southwest Power Pool (SPP)
11 Western Systems Coordinating Council/Northwest Power Pool (NWP)
12 Rocky Mountain, Arizona, New Mexico, Southern Nevada (WSCC/RA)
13 California (WSCCI/CNV)

The other NEMS modules then recalculate their
predictions and send revised values to the EMM.
This iterative process continues until a solution is
converged (values of variables no longer change) for
each region and model year.

Electricity demand is met by operating (dispatching)
the combination of plants that minimizes cost (costs
include fuel, variable operating and maintenance
(O&M), and environmental costs) while complying
with environmental regulations. The decision to
build new plants to meet increasing -electricity
demand, and the choice of technology to build is
determined by the least-cost combination of all costs,
including capital costs. For technologies with long
construction times, time-dependent parameters are
averaged (e.g., fuel costs) over a planning horizon
six-years into the future.

The EMM consists of four sub-modules:
e Electricity Capacity Planning Submodule
¢ Load and Demand Side Management Submodule
e Electricity Fuel Dispatching Submodule
e Electricity Finance and Pricing Submodule

DOE National Energy Technology Laboratory 9



The Electricity Market Module of NEMS

The solution sequence of the EMM submodules can
be summarized as follows:

1. The Load and Demand Side Management
submodule takes electricity demand data and
constructs load curves that vary by region, season,
and time of day.

2. The Electricity Capacity Planning submodule

predicts:

e construction of new generating plants

e retirement (if appropriate) of existing plants

e addition of retrofit equipment (e.g., SO,
scrubbers, NOx controls, activated carbon
injection  for  mercury  control)  for
environmental compliance

3. The Electricity Fuel Dispatch submodule
dispatches the available generating units, both
utility and non-utility, allowing surplus capacity
in selected regions to be dispatched for another
region's needs.

4. The Electricity Finance and Pricing submodule
calculates total revenue requirements for
electricity generating plants and computes average
and marginal-cost based electricity prices.

Electricity Generating Technologies
Represented in the EMM

Table 2 lists the types of electricity generating
technologies that are represented in the EMM. The
existing fleet of coal-fired plants is represented by
thirty-two technology categories based on the type of
pollution control equipment used. To represent
newer coals-fired plants, a separate category is also
available for pulverized-coal plants with moderately
higher efficiencies (34.4% in 2002) and with wet
flue-gas desulfurization. To represent the most
advanced coal-fired plants, technology categories are
available for IGCC plants with and without carbon
sequestration. However, sequestration technologies
are not made available in AEO 2002 cases because
the EIA believes that, given existing R&D efforts,
sequestration will not be commercially viable within
the forecasting horizon (through 2020) of AEO 2002
cases.

Turbine technologies are represented by categories
for existing, conventional and advanced single-cycle
and combined-cycles, each with a different

efficiency. Large, grid-connected fuel cells (typical
unit size of 10 MW) are also available as a separate
electricity generating technology. Nuclear plants are
available in conventional and advanced categories.
Eight categories of renewable energy sources are
available.

Distributed generation in the EMM is considered to
be connected to the main distribution grid.
Distributed generators not connected to the grid are
modeled in the Residential and Commercial Demand
modules of NEMS. In the EMM, distributed
generators are represented by two generic categories:
one for base load service and one for peak load
service.

The cost and performance for each generic
distributed generation category is a weighted average
based of the present market share of existing
distributed generation technologies. The lowest costs
are for the diesel cycle/compression ignition engines
operated with natural gas. This technology
represents 40 percent of the generic technology for
peaking distributed generators. Combustion turbines
and compression ignition engines make up about one-
half of the base-load category. See Appendix C for
more information on distributed generators and fuel
cells in NEMS.

It should be noted that not all of the advanced coal-
fired electricity generating technologies under
development by the DOE-FE are represented
explicitly in NEMS. Low Emission Boiler Systems
(LEBS), Pressurized Fluidized Bed Combustors
(PFBC), and Indirect Fired Cycles (IFC) are not
represented, although some would be represented by
the generic category for coal-fired plants at 34.4%
efficiency today and with low sulfur emissions.
"Repowering" of existing power plants is not
represented in NEMS.

10 DOE National Energy Technology Laboratory



The Electricity Market Module of NEMS

Table 2. Electricity Generating Technologies in NEMS
Average efficiency of each technology (based on HHV) in the year 2001 is shown in parentheses.

Fossil Fuel Technologies

« Existing coal plants: 32 types with different
combinations of pollution control equipment:
baghouses, dry scrubbers, wet scrubbers, SCR,
cold-side ESP, hot-side ESP, activated carbon
injection with fabric filter, activated carbon injection
with spray cooling (28.5%)

* Generic PC plant with wet flue gas desulfurization
(34.4%)
«IGCC (41.4%)
» IGCC with carbon sequestration (not available)
» Gas/Oil Steam Turbine (35.9%)
» Combustion Turbines:
+ Existing (28.5%)
» Conventional (28.5%)
» Advanced (36.1%)
» Combined Cycle Turbine Systems:

« Existing Gas/Oil (42.6%)

» Conventional Gas/Qil (42.6%)

» Advanced Gas/Qil (47.2%)

« Advanced with Sequestration (not available)

* Fuel Cells (56.4%)

Nuclear

» Conventional Nuclear (31.6%)
» Advanced Nuclear (32.8%)

Renewables

- Biomass (Wood)

» Geothermal

* Municipal Solid Waste
* Hydroelectric

» Pumped Storage

* Wind

« Solar Thermal
 Photovoltaic

Distributed Generation

» Base load: represents heavy-duty micro-turbines,
combustion turbines, compression ignition
engines, small fuel cells (31.5%)

» Peak load: represented micro-turbines, frame-type
combustion turbines operating on natural gas, and
three types of reciprocating engines (32.1%)

DOE National Energy Technology Laboratory 11




The Electricity Market Module of NEMS

Emissions Regulations for Electricity
Generators

For the AEO cases, NEMS simulates only existing
environmental laws and regulations. State, Federal,
and local environmental legislation and regulations
that were in effect by September 1, 2001, were
included in the AEO 2002 cases.

The EIA occasionally uses NEMS to evaluate
proposed legislation. These studies are usually done
at the request of the U.S. Congress or the Secretary of
Energy. In 1998 and 1999 the EIA used NEMS to
evaluate the impacts of the Kyoto Protocol. In 2002
the EIA used NEMS to evaluate legislation to
simultaneously reduce emissions of SO,, NOx, Hg
and CO; and to evaluate Renewable Portfolio
Standards [12-14].

NEMS simulates the competition between different
types of electricity generators based on the cost of
generating electricity. The cost of complying with
environmental regulations, whether by adding

pollution control equipment, fuel switching, or
purchasing emissions permits, is included in the cost
of generating electricity.

NEMS simulates the emissions regulations affecting
electricity generating plants under the Clean Air Act
(CAA). Table 3 shows a list of existing and proposed
emissions regulations under the CAA for electricity
generating plants.

The list in Table 3 could change significantly if
legislation for the Clear Skies Initiative (CSI) is
passed into law and enforced by the EPA. The CSI
proposes to establish a market-based, top-down
approach to achieve national caps for SO,, NOy, and
Hg emissions from electric generating facilities. The
CSI’s top-down approach is intended to replace the
most of the bottom-up, plant-by-plant, “command-
and-control” regulatory approaches now in use under
the Clean Air Act. The CSI was proposed in January
of 2002 -- it is not included in any of the AEO 2002
cases, including those discussed in this report.

Table 3. Summary of Emissions Regulations Affecting Power Plants.

Regulation Purpose

Modeled
Compliance Dates in NEMS

Acid Rain Program
50 percent below 1980 levels.
Target emission level is about 9
million tons annually by 2000.

Reduce national SO, emissions to

Phase | SO, reductions, 1995; Yes
Phase Il SO, reductions, 2000.

NOx Regional Transport
Rule tons by 2000.

Reduce NOx emissions by 2 million

Phase | NOx reductions, 1995; Yes
Phase || NOx reductions, 2000.

National Ambient Air
Quality Standards
(NAAQS) ozone, particulate matter, carbon

monoxide, SO, NOx, and lead.

Reduce criteria pollutant emissions.
The targeted criteria pollutants are

Reduce NOx emissions to attain the existing
0.12 ppm, 1-hour-average ozone NAAQS
under the NOx SIP-Call in 19 eastern states
and DC in 2004, and to comply with the
revised 0.08ppm, 8-hour-average ozone
standard throughout the country by 2009.

Partially

SO, and NOx emission reductions to attain
the PM2.5 NAAQS by 2010.

Regional Haze Best
Achievable Retrofit
Technology (BART)

Mitigate visibility problems due to

and wilderness areas.

pollution in several national parks

Attainment area SIPs due 2004-2006. No
Nonattainment area SIPs due 2006-2008.

Maximum Achievable
Control Technology
(MACT) Standards for
Hazardous Air

EPA reported to Congress that it
intends to regulate mercury
emissions from electricity
generating power plants. EPA is

Pollutants (HAPs)

developing regulations for reducing
HAPs emissions, including Hg.

Proposed Hg regulations are to cap Hg No
emissions at 5 tons in 2008.

New Source Review
(NSR)

Improve overall plant performance
and reduce emissions by requiring
plants undergoing major operations
changes to comply with new
regulations, similar to if the plant
were a newly constructed facility

EPA has proposed reforms that will No
streamline the NSR process.

12
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Simulation of the CAA in NEMS (Acid Rain
Program, NOyx Regional Transport Rule, and
NAAQS) is further discussed in the following
sections.

Simulation of SO; Regulations and Control

SO, emissions regulations under Title IV of the CAA
of 1990 (CAAA90), also known as the Acid Rain
Program, are fully simulated in NEMS. The Acid
Rain Program is a market-based ‘“cap-and-trade”
system in which the EPA distributes emissions
allowances to individual power plants allowing them
to emit a specified amount of SO, each year. The
total number of allowances distributed to all power
plants in the U.S. equals the national SO, emissions
cap. Power plants are allowed to trade allowances or
bank unused allowances for later use. No further
emission or technology requirements are imposed on
power plants — they are free to choose the method of
compliance, whether it be through adding pollution
controls, purchasing allowances from others,
switching to lower sulfur fuels, or reducing power
plant utilization. NEMS simulates the choice of
compliance method.

Figure 3 shows the national emissions of SO, used in
NEMS and the national SO, emission cap. The
CAAA90 set a goal of reducing annual SO,
emissions by 50 percent below 1980 levels, resulting
in a national emissions cap of about 9 million tons
per year. Actual emissions exceed the national caps
from 2000-2009 because of the large number (about
10 million tons in 2000) of allowances that have been
banked. The area between the blue and red lines for
SO, emissions represents the bank of emissions
available prior to 2000.

To achieve these reductions, the CAAA90 required a
two-phase tightening of the restrictions placed on
fossil-fuel-fired power plants. Phase I began in 1995
and targeted high-emitting (>2.5 Ib/mmbtu SO,),
large (>100 MW) power plants units. Phase I
directly affected 263 units in 110 coal-burning
electric utility plants in the east and midwest; another
182 units were used as substitute units, thus the total
affected units during Phase I was 445. Phase II
began in the 2000 and applies to virtually all coal-
fired power plants. Phase II tightened the Phase I
emissions allowances for the large, higher emitting
plants and set restrictions on smaller coal, oil, and
natural gas plants, for a total of 2,000 facilities. The

program affects existing utilities with greater than 25
MW capacity, and all new units.

NEMS simulates the choice of compliance method,
whether it be via FGD retrofits, transferring or
purchasing SO, emission allowances, fuel switching
to low sulfur content fuels, and operating high-sulfur
coal units at a lower capacity utilization rate. The
average costs of FGD retrofits used in AEO 2002
cases are $400/kW for units under 500 MW and
$234/kW for units over 500 MW.

Figure 3. National levels of SO, and NO, emissions
in the NEMS AEO 2002 Reference case.
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Simulation of NOx Regulation and Control

The CAAA90 also called for a 2 million ton
reduction in NOx emissions, carried out in two
phases by 2000. NEMS  simulates the
implementation of Group 1 boilers to meet the Phase
I and II requirements of NOx reductions following
the mandated emissions output per boiler type,
summarized in Table 4. Permissible NOx emissions
for advanced coal, combined cycle, and combustion
turbines are 0.11 1b/mmbtu, 0.02 1Ib/ mmbtu, and 0.08
Ib/ mmbtu, respectively.

Table 4. NOx Emissions Standards (Ib/mmbtu)

Number
of PhaseI | Phase Il
Boiler Type Boilers Limit Limit

Group 1

Dry Bottom Wall-Fired 284 0.50 0.45

Tangential 296 0.45 0.38
Group 2

Cell Burner 35 NA 0.68

Cyclones 88 NA 0.94

Wet Bottom Wall-Fired 38 NA 0.86

Vertically Fired 29 NA 0.80

Fluidized Bed 5 NA 0.29

Simulation of NAAQS

NEMS models the summer restrictions on aggregate
NOx emissions called for under the NAAQS in 19
states and the District of Columbia (Table 5).

Table 5. Summer Season NOX Emissions Budgets for
2004 and Beyond (thousand tons per season)

State Cap
Alabama 30.60
Connecticut 5.20
Delaware 5.00
District of Columbia 0.20
Illinois 36.60
Indiana 51.80
Kentucky 38.80
Maryland 13.00
Massachusetts 14.70
Michigan 29.50
New Jersey 8.20
New York 31.20
North Carolina 32.70
Ohio 51.50
Pennsylvania 46.00
Rhode Island 1.60
South Carolina 19.80
Tennessee 26.20
Virginia 21.00
West Virginia 24.05
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The High Fossil Electricity Technology Case

The EIA’s AEO Reference case is a “business-as-
usual” forecast, a forecast of what is most likely to
happen barring unexpected changes in economic,
demographic, legislative and technology trends. In
the Reference case, the cost and performance of
energy supply, conversion, and consumption
technologies improve gradually according to
historical trends and the judgment of EIA experts.
The goals of most DOE R&D programs are not met
in the Reference case, including the goals of DOE-FE
programs.

After producing the Reference case forecast, the EIA
reruns the Reference case to produce alternative cases
in which assumptions for economic growth, fuel
supplies, and rates of improvements in energy supply,
conversion and consumption technologies are
systematically varied (see Appendix B for a list of the
alternate cases). The alternate cases serve to evaluate
the sensitivity of the Reference case forecast to its
assumptions, including assumptions for DOE R&D
programs.

The focus of this report is an alternate case called the
"High Fossil Electricity Technology" (HFET) case.
The HFET case is a rerun of the Reference case with
the cost and performance goals of DOE-FE programs
for advanced fossil-fuel electricity generators. All
other things are held equal to the Reference case.

In the HFET case it is assumed that the goals of DOE
R&D programs are met for the following
technologies:

e advanced single-cycle combustion turbines

e advanced natural-gas combined cycle
(NGCC) systems

e integrated coal gasification combined cycle
systems (IGCC)

Improved cost and efficiency specifications for these
technologies were provided by the DOE Office of
Fossil Energy [15].

Capital Costs of Advanced Fossil-Fuel Electricity
Generating Technologies

In the Reference case, improvements in the capital
cost of each electricity generating technology are a
function of market penetration (of the number of
units in operation) using an equation of the following
form [7,16]:

Cy=aN? Equation (1)
where Cy is the capital cost of the Nth unit built, N is
the number of units in operation, a is a constant
determined by the initial condition, and

b = In(1-f) / In(2) Equation (2)
The learning factor, f, represents the reduction in
capital cost for every doubling of cumulative capacity
(N) and is an exogenous variable (specified by the
user) for each technology.

In the HFET case, Equation (1) is not used to set
capital costs; rather, capital costs are specified
exogenously as a constant for each year. Capital
costs do not depend on market penetration in the
HFET case. This approach is more representative of
R&D programs that can produce technology
improvements independent of the number of
commercial units in operation.

Figures 4-6 show the capital costs of advanced fossil-
fuel electricity generating technologies in the
Reference and HFET cases. The values for the
HFET case represent the goals of DOE-FE R&D
programs.  Capital costs for adv. single-cycle
combustion turbines and adv. NGCC systems are the
same in the Reference and HFET cases. Only the
capital cost of IGCC is improved for the HFET case.

As shown in Figure 4, the capital cost of IGCC
decreases from a national average of $1,377/kW
today to $1,264/kW in the year 2020 for the
Reference case. (All dollar values in this report are
in terms of year 2000 dollars.) In the HFET case, the
capital cost of IGCC improves linearly to $1,030 by
2010 and $980/kW by 2020.

The national average capital cost of adv. single-cycle
combustion turbines improves from $450/kW today
to $410/kW by the year 2020 (Figure 5). The capital
cost of advanced NGCC systems improves from
$620/kW today to $560/kW by the year 2020 (Figure
6).
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Figure 4. Capital Cost for IGCC in the Reference
and HFET cases.
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Figure 5. Capital Cost for Advanced Single-Cycle
Combustion Turbines in the Reference and HFET
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Regional Variations in Capital Cost

The capital costs shown above are averages of capital
costs for the thirteen individual EMM regions.
Capital costs vary by NERC region to account for
differences in material and labor costs. Capital costs
also vary by region to account for variations in
ambient conditions (air temperature, humidity, and
pressure) that can affect the size (and therefore
capital cost) of a power plant required to produce the
same electricity output. See Appendix D for more
information on regional variations in capital cost.

The EIA’s estimate of capital cost for IGCC is very
close (within 1-2%) to that estimated by Parsons
Energy and Chemicals Group in the report
“Evaluation of Innovative Fossil Fuel Power Plant

with CO2 Removal” [17]. This report was funded by
the DOE-FE Gasification Program and EPRI. The
Parsons estimate of the capital cost of an IGCC plant
is $1,308/kW for a generic without regional
adjustments. The EIA’s capital cost for IGCC
without regional adjustments is $1,338/kW, only 2%
higher than that estimated by Parsons.

The EIA forecasts that the most likely region for
IGCC plants to be built is the Southeastern Electric
Reliability Council region (explained later in this
report). In this region the capital cost in NEMS for
an IGCC plant is $1,319/kW. This is within 1% of
the capital cost estimated by Parsons. See Appendix
E for more discussion of the capital cost estimates by
the EIA and Parsons for IGCC.

Figure 6. Capital Cost for Advanced NGCC Turbine
Systems in the Reference and HFET cases.
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The Parsons report also provides capital cost
estimates for state-of-the-art NGCC systems using
either an “F” class turbine or an “H” class turbine.
The Parsons estimate of capital cost for NGCC today
is $522/kW with an “F” class turbine and $513/kW
with an “H” class turbine (without regional
adjustments). The capital cost of advanced NGCC
used in NEMS for the year 2002 is $589/kW, about
15% higher than the Parsons estimates.

For NERC region 13, the California (CNV) region,
NEMS imposes “externality” charges on IGCC for
emissions of carbon, SO2, NOx and VOC’s. To
determine the effect of the externality charges, the
HFET case was rerun by the NETL Office of
Systems and Policy Support with and without
externality charges. It was found that the externality
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charges decrease by 50% the capacity of IGCC
predicted to be built in the California region. See
Appendix F for more information on externality
charges on IGCC in the California region.

Efficiency of Advanced Fossil-Fuel Electricity
Generating Technologies

In NEMS, the efficiency of each electricity
generating technology is specified by the user as a
constant for each year of the forecasting horizon.
The HFET case assumes significant improvements in
efficiency to meet DOE-FE program goals for
advanced fossil-fuel electricity generating
technologies.

Figures 7-9 show plant efficiencies for advanced
fossil-fuel electricity generating technologies in the
Reference and HFET cases. Following industry
practice, efficiencies listed in this report for coal-
fired IGCC are based on higher heating values
(HHV) and efficiencies for natural-gas fired turbines
on lower heating values (LHV). Efficiency
improvements in the HFET case are attributed to
DOE-FE R&D programs and the values were
supplied by the DOE Office of Fossil Energy [15].

As may be seen in Figures 7-9, in the Reference case
all efficiencies reach a maximum in the year 2010
and do not change thereafter. The efficiency of
advanced single-cycle combustion turbines increases
from 42.2% today to a maximum of 46.9% in 2010;
advanced NGCC systems from 55.1% today to a
maximum of 59.1% in 2010; and IGCC from 43.9%
today to a maximum of 49.0% in 2010.

In the HFET case, the efficiency of advanced single-
cycle combustion turbines increases from 42.1%
today to a maximum of 55.2% in 2010; advanced
NGCC systems from 55.1% today to a maximum of
75.7% 1in 2015; and IGCC from 43.9% today to a
maximum of 60% in 2018.

In the study by Parsons [17], efficiencies were
estimated at 43.1% for IGCC, 55.6% for adv. NGCC
with an “F” class turbine and 59.5% for adv. NGCC
with an “H” class turbine. These are in close
agreement with the efficiencies used by the EIA in
the Reference and HFET cases for the year 2002.

Figure 7. Efficiency of IGCC (based on HHV)
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Figure 8. Efficiency of Advanced Single-Cycle
Turbine Svstems (based on LHV)
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Figure 9. Efficiency of Advanced NGCC Turbine
Systems (based on LHV)
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Other important specifications for advanced fossil-
fuel electricity generating technologies are listed in
the Table 6. These specifications are the same in
both the Reference and HFET cases.

According to the DOE-FE Gasification program and
reports from commercial gasification plants, an SO2
removal rate of 95% is slightly lower than the typical
SO2 removal rate for commercial IGCC plants,
which is between 97% and 99% [18]. The NOx
emission rate of 0.02 Ib/mmbtu used by the EIA for
IGCC and adv. NGCC is better than that estimated by
Parsons, 0.028 1b/mmbtu [17].

Mercury removal efficiency is listed in Table 6 for
IGCC even though mercury regulations are not in
place for the AEO 2002 cases. The cost and
efficiency of mercury removal becomes an important
factor for IGCC if mercury emissions are regulated as
planned under CAAA90 or as proposed under the
Clear Skies Initiative. Recent studies by the DOE-FE
Gasification Program indicate that a mercury removal
rate of 90% can be achieved in an IGCC system
using a fixed bed of carbon in the high-pressure, pre-
combustion syngas stream without significantly
increasing (<1%) the capital or operating costs of an
IGCC plant [19].

TABLE 6. Additional Specifications of Advanced Fossil-Fuel Electricity Generating Technologies

IGCC:
Typical Plant size: 428 MW
Variable O&M cost: 0.088 ¢/kWh
Fixed O&M cost: $36.0 /kW-yr
Emissions:
SO2: 95% removal
NOx: 0.02 1b/10°btu
Hg: 35% Hg removal

Advanced Single-Cycle Turbines:
Typical Plant size: 120 MW
Variable O&M cost: 0.011¢ /kWh
Fixed O&M cost: $10.09 /kW-yr
Emissions:

SO2: negligible

NOx: 0.08 1b/10°btu

Hg: negligible

Advanced NGCC Systems:
Typical Plant size: 400 MW
Variable O&M cost: 0.057 ¢/kWh
Fixed O&M cost: $15.93 /kW-yr
Emissions:

SO2: negligible

NOx: 0.02 1b/10°btu

Hg: negligible
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Data Output from NEMS Cases

NEMS produces large volumes of output data — more
than 100 Mbytes for the Electricity Market Module
alone. NEMS also produces a smaller output file
with 150 tables of key results in Microsoft Excel
format. Appendix F lists the titles of the 150 tables
of key results.

Twenty-one of the tables of key results make up
Appendix A of the EIA’s Annual Energy Outlook
report [6]. Appendix A of this report contains the
same twenty-one standard tables of key results (plus
two additional tables), but the results of the HFET
case are shown beside the results for the Reference
case. Data for the HFET case that are more than 1%
greater or less than corresponding data for the
Reference case are highlighted (underlined and
colored red). This enables the reader to easily
identify which HFET results differ with the
Reference case.

Readers can use the tables of Appendix A for
additional analyses of DOE-FE programs. If data are
needed that are not included in Appendix A of this
report, contact the primary author of this report or the
EIA.

The following sections summarize the key results for
the HFET case.

Market Penetration of Advanced Fossil-Fuel
Electricity Generating Technologies

Forecasts of new and retired electricity generating
capacity are listed in Table A9. Growth in total
electricity generating capacity of the U.S. is about the
same in the Reference and HFET cases. Total
generating capacity today is about 750 GW and is
forecast to increase 42% to about 1065 GW by 2020.

The HFET case forecasts that if the goals of DOE-FE
R&D programs are met for advanced fossil-fuel
electricity generating technologies, these
technologies will capture the majority (62%, 230
GW) of the market for new electricity generating
plants over the next twenty years.

Figure 10 shows the growth in capacity of advanced
fossil-fuel  electricity  generating technologies.
Advanced NGCC plants begin to operate after 2005
and IGCC plants after 2010. The largest increase in
capacity occurs for IGCC under the HFET case.

IGCC capacity increases from 6.9 GW to 62.9 GW
and advanced NGCC increases from 107.2 to 134.7
GW.

Figure 11 shows the forecast of capacities of all types
of electricity generating technologies in the U.S. by
the year 2020. Under the HFET case advanced
NGCC and IGCC plants are built instead of
conventional fossil-fuel plants.

Figure 12 and Table 7 show the EMM regions where
new advanced fossil-fuel electricity plants are
predicted to be built under the HFET case. The
largest capacity increases are in the Southeastern
Electric Reliability Council region with more than 54
GW of new advanced plants. Other regional data is
available upon request.

About 6.3% (47.3 GW) of capacity existing today is
forecast to be retired by 2020 under the Reference
case. Under the HFET case this increases slightly to
7.3% (55.4 GW) due to additional retirements of
nuclear and "other fossil steam'" plants. Retirement
of existing coal plants is very low: only 2% of the
coal-fired plants existing today are retired by 2020
under either the Reference or HFET cases.

" The "other fossil steam" category represents steam
boilers fired with oil and/or natural gas.
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Figure 10. Increase in advanced fossil-fuel electricity generating technologies.
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Figure 11. Capacity (GW) of new electricity generating plants built under the AEO 2002 Reference and HFET
Cases by the year 2020.
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Figure 12. Capacity of advanced fossil-fuel electricity generating technologies predicted under the
HFET case for each EMM region.
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Table 7. New Plant Capacity by NERC Region by 2020. New Capacity (GW)
Adv.

Combustion Adv.

EMM Region IGCC Turbines NGCC
1 East Central Area Reliability Coordination Agreement (ECAR) 0.157 8.905 17.422
2 Electric Reliability Council of Texas (ERCOT) 0 4.184 16.281
3 Mid-Atlantic Area Council (MAAC) 4.563 0.607 6.826
4 Mid-America Interconnected Network (MAIN) 2.426 1.079 3.097
5 Mid-Continent Area Power Pool (MAAP) 2.811 0.386 4.065
6 Northeast Power Coordinating Council/New York (NY) 1.810 0.542 6.189
7 Northeast Power Coordinating Council/New England (NE) 0.500 0 5.020
8 Florida Reliability Coordinating Council (SERC/FL) 4.411 2.502 14.764
9 Southeastern Electric Reliability Council, excluding Florida (STV) 23.002 4.368 27.139
10 Southwest Power Pool (SPP) 2.343 0.308 7.792
11 Western Systems Coordinating Council/Northwest Power Pool (NWP) 9.196 3.299 8.342
12 Rocky Mountain, Arizona, New Mexico, Southern Nevada (RA) 4.191 0.741 2.203
13 California (CNV) 7.511 3.512 18.263
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Electricity Generation and Prices

Electricity generation and prices are shown in Table
A8 of Appendix A. Total generation of electricity in
the U.S. is the about the same under the Reference
and HFET cases, increasing from 3500 billion kWh
today to about 5000 billion kWh by 2020.

Advanced  fossil-fuel  electricity = generating
technologies developed under DOE-FE programs will
generate electricity at lower prices. This will drive
down the national average price of electricity. Figure
13 shows the national average price of electricity
through the year 2020 under the Reference and HFET
cases. Under the HFET case the average price of
electricity will be 7% lower by the year 2020 than in
the Reference case.

Figure 13. National average cost of electricity.
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With 5000 billion kWh of electricity generated in the
U.S. in the year 2020, the 7% drop in the national
average cost of electricity translates into a national
savings of $19 billion in electricity costs (in year
2000 dollars) in the year 2020. U.S. consumers will
reap cumulative savings of more than $100 billion in
electricity costs between 2010 and 2020 (Figure 14).

Figure 14. Cumulative savings in electricity costs
under the HFET Case.
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Fossil fuel use for electricity generation

Fossil fuel use for electricity generation is shown in
Table A2 and Figure 14. One of the greatest impacts
of DOE-FE programs is on the use of natural gas for
electricity generation. Under the HFET case, use of
natural gas for electricity generation is 22% lower
than in the Reference case by the year 2020.
Decreased demand for natural gas under the HFET
case will drive prices 9% lower by 2020 than in the
Reference case (see Table A3).

Total U.S. consumption of natural gas for all sectors
decreases 7% by 2020 under the HFET case, from
34.5 Quads under the Reference case to 32.2 Quads
under the HFET case (Table Al).

Total use of all fuels for electricity generation
decreases by 4.5% by 2020 under the HFET case,
from 48.3 Quads under the Reference case to 46.1
Quads under the HFET case. Use of renewables and
nuclear fuels for electricity generation both decrease
slightly under the HFET case. Total U.S.
consumption of all fuels for all sectors decreases 2%
by 2020 under the HFET case, from 130.8 Quads
under the Reference case to 128.6 Quads under the
HFET case (Table Al).
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Figure 15. Fossil fuel use for electricity generation in
the year 2020.
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U.S. emissions of CO; are listed in Table A19. Total
U.S. emissions of CO, and emissions from the
electricity generating sector are about the same in the
Reference and HFET cases (Figure 16). Emissions
from the electricity generating sector begin to decline
slightly after 2015. The availability of higher
efficiency fossil-fuel electricity technologies under
the HFET case makes it possible to increase coal use
for electricity generation without increasing national
CO; emissions.

Figure 16. Carbon emissions from the electricity
generating sector.
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Table A117 shows emissions and allowance prices
for SO, and NOx. As the bank of SO, allowances is
expended between 2000 and 2010, national emissions
of SO, decrease steadily to achieve the national cap
of 8.95 million tons per year in 2010. Advanced
technologies with lower SO, emissions developed
under DOE-FE programs will cause a reduction in
the market price of SO, allowance permits. The
average SO, allowance price between 2000 and 2020
is predicted to be $230/ton under the Reference case
and $187/ton under the HFET case.

Advanced technologies with lower NOx emissions
developed under DOE-FE programs will create a
slight (4.3%) reduction in national NOx emissions by
2020 and a 17.4% reduction in the price of NOx
emissions allowances by 2020.

National emissions of mercury are forecast to
increase by 10% under the HFET case. This can be
attributed to the use of a 35% mercury removal rate
for IGCC in the AEO 2002 cases.

Recent studies indicate that mercury removal can be
achieved at 90% in IGCC using a fixed bed of carbon
in the pre-combustion, high-pressure syngas stream
without significant increases (<1%) in capital and
operating costs [19]. The HFET case was rerun by
the NETL Office of Systems and Policy Support
using a 90% mercury removal for IGCC. This
reduced national emissions of mercury by 4% as
shown in Figure 17.

Figure 17. National mercury emissions.
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Appendix A: Tables of Key Results for the
Reference and HFET Cases




Reference Case and High Fossil Electricity Technology Case Forecasts

Table Al. Total Energy Supply and Disposition Summary
(Quadrillion Btu per Year, Unless Otherwise Noted)

2000 2005 2010 2015 2020

Supply, Disposition, & Prices

Reference HFET Reference | HFET Reference HFET Reference HFET Reference HFET

Production
Crude Oil & Lease Condensate 12.33 12.33 11.38 11.38 10.76 10.76 11.77 11.76 11.93 11.85
Natural Gas Plant Liquids 2.71 2.71 3.02 3.02 3.37 3.35 3.74 3.57 4.02 3.78
Dry Natural Gas 19.59 19.59 21.32 21.29 24.10 23.97 26.99 25.82 29.17 27.43
Coal 2258 2258 24.92 24.96 26.30 26.23 26.94 27.93 28.14  29.03
Nuclear Power 8.03 8.03 8.10 8.10 7.87 7.87 7.55 7.37 7.49 7.21
Renewable Energy 1 6.46 6.46 7.37 7.37 7.89 7.88 8.46 8.36 8.93 8.66
uther 2 1.10 1.10 0.65 0.68 0.85 0.86 1.03 1.06 0.93 1.02
Total 72.80 72.80 76.75 76.79 81.14 80.91 86.47 85.87 90.62  88.98
Imports
Cruae LI 3 19.69 19.69 22.65 22.64 24.37 24.36 24.03 24.09 24.46 2451
Petroleum Products 4 4,73 4,73 5.69 5.67 7.84 7.83 10.31 10.39 12.69 12.77
Natural Gas 3.85 3.85 5.02 5.01 5.64 5.60 6.04 5.68 6.21 5.62
Other Imports 5 0.76 0.76 1.07 1.07 0.95 0.92 1.07 0.98 1.10 0.96
Total 29.04 29.04 34.44 34.38 38.79 38.72 41.46 41.13 44.45 43.86
Exports
retroleum 6 2.15 2.15 1.71 1.70 1.90 1.90 2.02 2.04 2.12 2.10
Natural Gas 0.25 0.25 0.41 0.41 0.63 0.63 0.66 0.66 0.56 0.56
Coal 1.53 1.53 141 141 1.44 1.44 1.34 1.34 1.38 1.38
Total 3.93 3.93 3.53 3.52 3.97 3.97 4.02 4.03 4.06 4.05
piscrepancy 7 -1.37 -1.38 0.04 0.05 0.37 0.36 0.30 0.31 0.21 0.22

Consumption

Petroleum Proaucts 8 38.62  38.63 4141 41.40 4521 45.19 48.85 48.80 51.98 51.86
Natural Gas 23.44 23.44 26.19 26.15 28.83 28.66 32.10 30.58 34.55 32.24
Coal 2233 2233 24.00 24.04 25.40 25.33 26.19 27.17 27.38  28.28
Nuclear Power 8.03 8.03 8.10 8.10 7.87 7.87 7.55 7.37 7.49 7.21
Renewable Energy 1 6.48 6.48 7.38 7.37 7.90 7.88 8.47 8.37 8.94 8.67
uther 9 0.38 0.38 0.55 0.54 0.39 0.36 0.46 0.37 0.45 0.31
Total 99.28  99.29 107.62  107.61 115.59 115.30 123.61 122.65 130.80 128.57
Net Imports - Petroleum 2228 22.28 26.63 26.61 30.30 30.29 32.33 32.44 3503 35.18
Prices (2000 dollars per unit)
vvoria LIl Price ($ per bol) 10 27.72 27.72 22.73 22.73 23.36 23.36 24.00 24.00 24.68 24.68
Nat. Gas wellnead Price($/Mcr) 11 3.60 3.60 2.67 2.66 2.85 2.82 3.08 2.90 3.25 2.98
Coal Minemouth Price ($ / ton) 16.45 16.45 14.90 15.10 13.92 13.85 13.35 13.40 12.81 12.83
Avg. Electricity (cents / Kwh) 6.9 6.89 6.4 6.42 6.3 6.30 6.3 6.19 6.5 6.06

If HFET data are more than 1% different than Reference data they're shown_underlined and red.

1 Includes grid-connected electricity from conventional hydroelectric; wood and wood waste; landfill gas; municipal solid waste; other biomass; wind; photovoltaic
and solar thermal sources; non-electric energy from renewable sources, such as active and passive solar systems, and wood; and both the ethanol and gasoline
components of E85, but not the ethanol components of blends less than 85 percent. Excludes electricity imports using renewable sources and nonmarketed renewable
energy. See Table A18 for selected nonmarketed residential and commercial renewable energy.

2 Includes liquid hydrogen, methanol, supplemental natural gas, and some domestic inputs to refineries.

3 Includes imports of crude oil for the Strategic Petroleum Reserve.

4 Includes imports of finished petroleum products, imports of unfinished oils, alcohols, ethers, and blending components.

5 Includes coal, coal coke (net), and electricity (net).

6 Includes crude oil and petroleum products.

7 Balancing item. Includes unaccounted for supply, losses, gains, net storage withdrawals and heat loss when natural gas is converted to liquid fuel.

8 Includes natural gas plant liquids, crude oil consumed as a fuel, and nonpetroleum-based liquids for blending, such as ethanol.

9 Includes net electricity imports, methanol, and liquid hydrogen.

10 Average refiner acquisition cost for imported crude oil.

11 Represents lower 48 onshore and offshore supplies.

Btu = British thermal unit.

N/A = Not applicable.

Note: Totals may not equal sum of components due to independent rounding. Data for 1999 and 2000 are model results and may differ slightly from official EIA data
reports. Sources: 1999 natural gas values: Energy Information Administration (EIA), Natural Gas Annual 1999, DOE/EIA-0131(99) (Washington, DC, October 2000). 1999
coal minemouth prices: EIA, Coal Industry Annual 1999, DOE/EIA-0584(99) (Washington, DC, June 2001). Other 1999 values: EIA, Annual Energy Review 2000,
DOE/EIA-0384(2000) (Washington, DC, August 2001). 2000 natural gas values: EIA, Natural Gas Monthly, DOE/EIA-0130(2001/06) (Washington, DC, June 2001).
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Reference Case and High Fossil Electricity Technology Case For ecasts

Table A2. Energy Consumption by Sector and Sourc
(Quadrillion Btu per Year, Unless Otherwise Noted)

2000 2005 2010 2015 2020
Sector and Source
REF HFET REF | HFET REF HFET REF HFET REF HFET
Energy Consumption
Residential
Distillate Fuel 0.83 0.83 0.85 0.85 0.79 0.79 0.75 0.75 0.73 0.73
Kerosene 0.09 0.09 0.08 0.08 0.07 0.07 0.07 0.07 0.07 0.07
Liquefied Petroleum Gas 0.47 0.47 0.44 0.44 0.45 0.45 0.42 0.42 0.41 0.41
Petroleum Subtotal 1.38 1.38 1.37 1.37 1.30 1.30 1.24 1.24 1.20 1.20
Natural Gas 5.14 5.14 5.52 5.53 5.68 5.68 5.89 5.89 6.15 6.15
Coal 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Renewable Energy 1 0.43 0.43 0.43 0.43 0.43 0.43 0.44 0.44 0.45 0.45
Electricity 4.07 4.07 4.62 4.62 4.92 4.92 5.30 5.30 5.70 5.70
Delivered Energy 11.06 11.06 11.99 11.99 12.40 12.40 12.92 12.92 13.55 13.55
Electricity Related Losses 8.79 8.79 9.71 9.71 9.83 9.74 10.24 9.95 10.72 10.00
Total 19.85 19.85 21.70 21.71 22.22 22.14 23.15 22.87 24.27 23.55
Commercial
Distillate Fuel 0.38 0.38 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42
Residual Fuel 0.14 0.14 0.12 0.12 0.12 0.12 0.13 0.13 0.13 0.13
Kerosene 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Liquefied Petroleum Gas 0.08 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.10 0.10
Motor Gasoline 2 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Petroleum Subtotal 0.65 0.65 0.67 0.67 0.69 0.69 0.70 0.70 0.71 0.71
Natural Gas 3.36 3.36 3.77 3.77 4.04 4.04 4.32 4.33 4.64 4.64
Coal 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.08
Renewable Energy 3 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08
Electricity 3.90 3.90 4.46 4.46 5.03 5.03 5.62 5.62 6.14 6.13
Delivered Energy 8.07 8.07 9.05 9.05 9.91 9.91 10.80 10.80 11.65 11.64
Electricity Related Losses 8.42 8.43 9.37 9.37 10.05 9.96 10.85 10.53 11.53 10.76
Total 16.49 16.49 18.42 18.42 19.96 19.87 21.64 21.33 23.18 22.40
Industrial 4
Distillate Fuel 111 111 117 117 1.22 1.22 1.30 1.29 1.38 1.38
Liquefied Petroleum Gas 2.36 2.36 2.50 2.50 2.66 2.66 2.84 2.85 3.0